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1 Our goal - a model for composite sys-
tem design

Composite systems are systems that encompass
multiple agents involved in ongoing, interactive ac-
tivities. We wish to study requirements acquisition,
specification and design of such systems.

The benefit of this approach (and what distin-
guishes it from previous work) is that it makes the
interaction /interface between agents a first-class con-
cern, to be explicitly represented and reasoned about.
Thus, design problems concerned with a number of
cooperating/interacting agents are particularly well-
suited for treatment as composite systems, while those
in which agents are fairly independent could just as
well be handled by other approaches. Another benefit
is that this approach is conducive towards incorporat-
ing domain-specific knowledge into the design process.

We center our efforts around a style of specifica-
tion which comprises a description of possible system
behaviors, together with a set of ‘goals’, namely con-
straints on those possible behaviors, Together these
denote those and only those behaviors that satisfy all
the constraints. Since we are concerned with compos-
ite systems, initial expressions of behaviors and goals
will typically involve multiple agents. In these cases
it is a challenging design activity to decompose these
descriptions into behaviors of the individual agents,
such that the composition of those agent behaviors
will achieve the desired system behaviors. Commu-
nication between agents will typically be required to
permit the coordination and transfer of information
necessary to achieve goals, and derivation of this com-
munication is a significant part of the design activ-
ity. Furthermore, we wish to encompass the notions of
reliability and motivation — important in real-world
systems where perfect behavior of components (me-
chanical or human) cannot be assumed. Finally, we
believe any formal model of specification must include
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non-functional requirements such as cost, safety, and
human factors.

Our research objective is a model that encompasses
this entire design activity, and thereafter, techniques
and tools called for by the model, which will serve to
provide automated assistance to a skilled designer of
composite systems. Herein we outline the proposed
model that we have established so far, together with
the experimental pieces of technology that we are as-
sembling. Since this is ongoing research, we may ex-
pect that our model will undergo further refinement,
and our selection of tools may require reconsideration.
For these reasons we have chosen to present this as a
position statement rather than as a paper of partial
results.

2 The Model

2.1 Concepts within the model

Specifications denote behaviors, that is, sequences
of activities. As a running example, we consider
the specification of elevators! serving passengers in
a multi-story building; this task is simple but intu-
itive, and so serves as a convenient illustration of our
concepts. In this context, behaviors involve activities
of passengers entering elevators, elevator doors clos-
ing, elevators moving, etc. Specifications comprise two
parts:

* a ‘generative’ part denoting, for each agent, the
capabilities of that agent, e.g., passenger - enter
or exit elevator; elevator - move up or down, and

® a ‘constraining’ part consisting of a set of ‘goals’,
Le., constraints on behavior. For the purpose of

L‘Lifts’, in British terminology.




describing composite systems, it is often conve-
nient to express goals in terms of system-wide
properties, regardless of how that system is de-
composed into agents. For example, passengers
shall never be moved further from their destina-
tions. The end point of our design activity may
still be a specification insofar as it is free of tra-
ditional algorithmic concerns, for example, but
must make no use of system-wide expressions of
properties.

During the course of development, goals are re-
placed with ‘responsibilities’ assigned to subsets of
agents. Informally, only those agents responsible for
a goal are expected to limit their own behavior to en-
sure satisfaction of that goal. For example, if the el-
evator system alone is responsible for keeping passen-
gers from falling down elevator shafts, then the system
must keep doors closed when necessary rather than
rely upon passengers to limit their choice of when to
walk through an open doorway. Ultimately it is nec-
essary to subdivide responsibility so as tc be able to
assign individual pieces to individual agents.

We also reason about what information is avail-
able to what agents. For example, passengers know
what their own destinations are, but not, generally,
the destinations of other passengers. The set of agents
(possibly a single agent) with some responsibility must
have sufficient information to be able to correctly se-
lect from among their possible activities. For example,
the elevator system must know which way to move an
elevator so as to transport a passenger inside that el-
evator toward his or her destination. If information is
required but not available, we must modify the speci-
fication to provide that information, or modify the re-
sponsibilities and/or their assignments so as to resolve
this inconsistency. The particular information that a
set of agents needs from the rest of the system is ex-
pressed as an ‘interface requirement’. For example,
the elevator system’s need to know in which direction
a waiting passenger wishes to be transported. For an
interface requirement, we design an ‘interface specifi-
cation’, namely some particular way of providing that
information. This takes the form of an extension of
the specification of agent capabilities. For example, a
direction input device, which new passengers at a floor
are expected to use to summon an elevator.

Reliability and motivation are superimposed on the
notions of agent capabilities and choice. Conventional
notions of reliability (e.g., probability of failure of
some mechanism) can be attached to activities, includ-
ing those introduced to satisfy interface requirements.
For example, the indicator of elevator direction might
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fail. Furthermore, reliability can be associated with
making choices, so that we can reason about the like-
lihood and effect of an agent making a ‘wrong’ choice
by mistake. For example, a passenger may occasion-
ally press the wrong direction button when summon-
ing an elevator. Motivation applies primarily to ra-
tional agents, who may be expected to have objec-
tives of their own. An agent’s personal objectives and
the agent’s responsibilities, derived from system-wide
goals, will be either reinforcing, neutral, or conflict-
ing. Neutral and conflicting cases will require further
design activity to motivate the agent to choose so as to
further the system-wide goals, or to modify the design
so as to be able to recover from detrimental choices.

2.2 Activities within the model

We have experimented with the design of several
composite systems using various formalisms. We ex-
pect both the form of our representation and the de-
sign process model we use will change in these early
stages. However, we have identified a set of activities
we feel are endemic to composite system design (CSD)
in general:

1. Identifying problematic behaviors. We rely on
a scenario generator [2, 1] to find counterexamples,
i.e., behaviors that demonstrate a goal is not being
met by the current model of agent cooperation. These
counterexamples have two roles: 1) they let us know
if a goal is achieved in the current model, and if not,
2) they act as a guide on how the goal or model can
be changed to bring achievement [3].

2. Modifying goals. There is nothing held in-
violate to change in our approach. Thus, goals
themselves may be modified. For instance, if no
cost effective design can be found, we may need to
weaken /approximate a goal. While we currently lack
a formal theory of goal modification in CSD, it ap-
pears from our example designs that a tractable set of
goal transformations exist. This is an area of active
interest to us [8].

3. Assigning responsibility. This is perhaps the
key step in our approach. There are two questions
of interest: 1) what are the semantics of responsibil-
ity assignment [5, 4], and 2) what criteria are avail-
able for choosing among alternative assignments [6].
For the second question, in particular, major design
decisions are made at this step. It is here where a
large analysis effort, e.g., critics, comparators, cost
models, safety models, will pay off. In some areas of
CSD (e.g., many engineering fields), formal evaluation
models exist. Our interest in these cases is integrat-
ing cost/safety tables, equations, etc., into our design




model. In other CSD areas (e.g., Human-Computer
Interface design), no formal evaluation models exist.
Our interest in these cases is with approximation tech-
niques. For instance, we have looked at Qualitative
Reasoning [3] as a means of approximating the degree
of cost of certain design decisions.

4. Deriving an interface requirement. When an
agent is assigned the responsibility of achieving a goal,
it must limit its actions to achieve that goal. If it
can do so solely with local information, then no new
interface component is needed. More typically, the
agent will require non-local information, i.e., informa-
tion from other agents. The information needed de-
fines an interface requirement for the agent: Thus, if
one were to ask why the need for the floor buttons
inside an elevator, we would answer that it was a re-
quirement of the elevator to gain this information to
limit its movement to the destination floor.

5. Deriving an interface specification. Deciding
how an interface requirement will be met is another
key design decision. Among other things, we must
reason about the cost and availability of information
within our model of the world. The issues of evaluat-
ing alternatives here is similar to that of responsibility
assignment (and in fact, can be viewed as a type of
responsibility issue: given a goal of obtaining certain
information, what agents will act to provide the nec-
essary information). Returning to the floor buttons
example, if one were to ask why the need for the floor
buttons, we would answer that the designer specified
that the user would supply the required information
through a type of input device. This is the interface
specification. The actual choice of floor buttons over,
say, voice input is an implementation decision that our
design model stops short of,

6. Reasoning about motivation and reliability.
While both reliability and motivation can be viewed
as a type of evaluation criteria, and hence fall under
responsibility assignment or interface specification, we
have separated them here because of the special inter-
est they hold for us. The need for each derived from
our efforts to reverse engineer existing CSDs using our
design model. We found that without the reliabil-
ity and motivation criteria, it was impossible for us
to rationalize the design of these existing composite
systems. Looking at elevator interfaces, for example,
bells, lights, and even doors are Jjustified, at least in
part, by human reliability issues. Some elevator sys-
tems make use of weight sensors that can detect when
the elevator is empty, using this information to know
when to cancel floor requests internal to the elevator
when there is no-one left inside (such requests might
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stem from mistakes — “oops, I pressed the 12th floor
button instead of the 10th”, dynamic revision of desti-
nation — “ok, I'll get off at this floor to go directly to
the meeting with you”, or pranksters — “let’s press all
the floor buttons as we get out”); some elevators have
vandalism detectors to sound alarms. Their presence
can only by justified by looking at irresponsible agent
behavior and attempts to minimize it or recover from
it. Irresponsible behavior falls under what we consider
motivation issues. Some areas of CSD address relia-
bility issues of physical and human agents formally.
As with cost or safety criteria, we would like to find a
means of incorporating existing reliability tables and
equations into our approach. Unfortunately, there is
no field that has produced useful formal models of mo-
tivation as it applies to CSD. Worse, it is unclear that
we can ever have a satisfactory formal behavior model
that would allow us to predict the need for weight
sensors or vandalism alarms. In practice, such devices
evolve from experience in elevator design. Capturing
such experience does seem a more tractable problem,
and is one we have started exploring through Case-
Based Reasoning techniques [7].
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